Abstract -This paper describes a system for automatic and semi-automatic registration/mosaic of remote sensing images. Information provided by the user can be used to speed up processing or to avoid mismatched control points. A statistical procedure is used to characterize good and bad registrations. Based on this "good fit-bad fit" statistical test the user can stop, modify the parameters, or continue the processing. Several tests have been performed by registering optical, radar, multi-sensor, high-resolution images and video sequences. We have included very difficult image registration examples in order to show the strengths and limits of our system. An online registration system demo containing several examples can be executed using a web browser.
I. INTRODUCTION
Registration is the process which makes the pixels in two images precisely coincide to the same points on the ground [1] . It is an important operation in remote sensing that basically involves the identification of many control points in the images. The traditional manual approach uses human assistance to identify the control points. As the manual control point identification may be time-consuming and tedious, automated techniques have been developed [2] . This paper aims to present a system for remote sensing image registration that has been developed at the Image Processing Division (National Institute for Space Research -INPE, Brazil) and at the Vision Laboratory (University of California, Santa Barbara -UCSB). The system was designed to implement some efficient algorithms such as those proposed in [3] , [4] and [5] . Therefore, the user can select techniques that work best for his/her particular application domain. A brief discussion of the techniques above mentioned is given.
Fonseca at al. [1] have proposed an image registration algorithm that uses a multiresolution analysis procedure based upon the wavelet transform. Sharp variation points which correspond to edge points in the images are detected using wavelet transform. The feature point matching is achieved by maximizing the correlation coefficient over small windows surrounding the points. The algorithm is performed at progressively higher resolution, which allows for faster implementation and higher registering precision. It is more adequate to register images taken from the same sensor or with similar spectral bands. Nevertheless, it works well for images taken at different times and is computationally efficient.
The algorithm proposed by Kenney et al. [4] uses optical flow ideas to extract the features in both images [6, 7] . Control points are obtained using a two-pass point matching procedure as well as a consistency checking strategy. Because the matching procedure is based on different matching criteria it provides a safeguard against mismatched points and the consistency checking tests provide a powerful mechanism to detect improper registrations. This algorithm has been tested on different types of images and has produced good results Li et al. [5] have used region boundaries and other strong edges as matching primitives. Chain-code correlation and other shape similarity criteria such as moments are used to match closed contours. A consistency checking is conducted in the parameter space to eliminate some false matches that occurred in the matching process. This method is adequate for registering images taken from different sensors although welldefined and strong contours must be detected in both images.
For the system first version, we have implemented the algorithm proposed in [4] . In order to facilitate the registration task and to overcome some difficulties in the matching process, an image processing tool module has been added to the system. The system has been tested on different types of data and has obtained very encouraging results. We have also developed an online registration system demo [8] that contains several examples that can be executed using web browser. The remainder of this paper is organized as follow. Section II briefly describes the system. Section III shows some experimental results obtained by registering optical, radar, multi-sensor, high-resolution images and video sequences and Section IV concludes the work.
II. SYSTEM DESCRIPTION
The proposed registration system is a full featured application intended for beginners and advanced users. The registration process may be accomplished by one simple click or may be controlled by several parameters. The system contains toolboxes that increase the registration strength when it gets inputs from the user. Further, the system contains an image pre-processing module that allows the user to resample the image, to select a specific band, to enhance the image histogram as necessary etc. The registration process can be
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Mosaic procedure contains several useful features like: mosaic both images into separate channels in order to verify the control points, equalize the images using simple mean and standard deviation in the overlapping area etc. The system accepts the most popular image formats (BMP, GIF, JPEG, PNG, RAW, TIFF, GeoTIFF etc.) and the resulting mosaics can be saved as GeoTiff images.
A universal viewer was developed to simplify image viewing and handling. It provides basic read/write and preview operations such as: load file, save file, change zoom, image information, full screen preview, clipboard handling etc. The visualization module also contains a layer to handle special information such as control points, windows defined by cursor etc.
The system is separated in two major modules. The first part is the main driver for image registration and mosaic. It has been written using common C++ and Trolltech Qt library [9] for image representation, which provides better platform independence (Unix, Windows, Mac) and also independence from user interaction layer.
The second part is a user interaction layer implemented in two ways. The first one is a command line module intended for calls from other systems, for example, it is used by CGI demo script [7] . The second one is a GUI module written in C++ using the Trolltech Qt library.
We developed or modified several image file handlers for the Qt library such as: RAW reader/writer, JPEG encoder/decoder using Independent JPEG Group library and TIFF encoder/decoder using libTIFF from SGI (Silicon Graphics Inc.) and GeoTIFF encoder.
The registration procedure needs basically one parameter, which specifies the number of control points to start with. This parameter can be defined by user and its value depends on the registration difficulty. Images with clouds or severe temporal changes and images taken from very different sensors must be registered with higher number of control points. Small number of control points decreases the registration speed exponentially. However, reasonable number of control points (128) returns almost instant result.
III. EXPERIMENTAL RESULTS
Different types of images were tested in order to demonstrate the feasibility of the system. Some preliminary results are presented in this section. Fig. 2 shows the registration of Amazon tropical forest images taken from TM5 sensor, band 5, in different dates. These images represent high cloud cover and were successfully registered with 128 points. Fig. 3 shows the registration of Amazon region images taken from JERS-1 in different dates. Fig. 4 shows a mosaic of an aerial video sequence taken from the Amazon region.
Finally, Fig. 5 shows the registration system graphical user interface running in windows.
Other experiments with SPOT and TM images from urban, forest and agricultural areas were performed and in all cases we obtained very encouraging results.
IV. CONCLUSION
Everybody who works with remote sensing applications knows the difficulty to perform the image registration process. The system proposed here provides some tools to facilitate this task and we believe that it will be very useful for the remote sensing community. For future research, we intend to include other registration algorithms and change the system interface to make it more friendly. 
